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ABSTRACT

Objective: Anesthesia induction is usually achieved with sevoflurane for pediatric patients wit-
hout vascular access. The aim of this study was to investigate the optimum intravenous access
time and to evaluate the corresponding bispectral index (BIS) value in pediatric patients after
sevoflurane induction.

Method: This prospective study included 100 children enrolled between January 1, 2017 and Ja-
nuary 1, 2018 at Istanbul Medeniyet University Goztepe Training and Research Hospital. Anest-
hesia was induced with 8% sevoflurane and oxygen. Measurements included mask adaptation
time, time to loss of the ciliary reflex, time to recovery of regular breathing, and optimal timing
of intravenous access time with the corresponding BIS values, as well as the time elapsed for the
BIS value to fall below 60.

Results: The mean mask adaptation time was 27.8+28.4 s, time to loss of the ciliary reflex was
39.7+10.3 s, and time to reach regular respiration was 88.5+116.9 s, with mean BIS value of
80.4+16.9, 70.2+10.4, and 52.4+12. 1, respectively. The mean time for BIS to fall below 60 was
72.54+24.41 s. The mean time required for the the iniation of optimal intravenous access was
104.92+36.45 s, with a mean BIS value of 30+10.1.

Conclusion: Following anesthesia induction with sevoflurane in children, the BIS value below
60 which is the upper limit for surgical anesthesia, was found to be insufficient for intravenous
intervention. For pedliatric patients undergoing sevoflurane induction it has been concluded that,
the BIS value below 30 or an average waiting time of 104.9 s is ideal for initiation of optimal
intravenous access.

Keywords: Intravenous access, sevoflurane, bispectral index, pediatric patient
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Amac: Damar yolu olmayan pediyatrik hastalarda, anestezi indliksiyonu genelikle sevofiuran ile
Yyapili. Amacimiz, sevofluran indiksiyonundan sonra pediyatrik hastalarda optimum intravenéz
girisim siiresini ve bu slireye karsilik gelen bispektral indeks (BIS) degerini arastirmaktir.
Yéntem: Bu prospektif calismaya, 1 Ocak 2017 ile 1 Ocak 2018 tarihleri arasinda Istanbul Me-
deniyet Universitesi Goztepe Egitim ve Arastirma Hastanesine kayitli 100 cocuk dahil edilmistir.
Anestezi indliiksiyonu % 8 sevofluran ve oksijen ile yapildi. Olctimler, maske uyum zamani, siliyer
refleksin kayip stiresi, diizenli solunuma ulasma stiresi ve bunlara karsilik gelen BIS degerleri
ile optimal intravenéz girisim siresini ve BIS degerinin 60'in altina diismesi icin gecen slireyi
icermektedir.

Bulgular: Ortalama maske uyum sliresi 27,8+28,4 s, siliyer reflex kaybina kadar gecen siire
39,7+10,3 s, dlizenli solunuma ulasma stiresi 88,5+11,9 s, ve bunlara karsilik gelen ortalama BIS
degerleri sirasiyla 80,4+16,9, 70,2+10,4 ve 52,4+12,1 idi. BIS’in 60'in altina diismesi icin orta-
lama stire 72,54+24,41 s, optimal intravendz girisim icin gereken ortalama stire 104,92+36,45
s ve bu siradaki ortalama BIS degeri 30+1. 1 idl.

Sonug: Cocuklarda sevofluran ile anestezi indliksiyonunu takiben, cerrahi anestezi icin dst sinir
olan 60'in altindaki BIS degerinin intravenéz miidahale icin yetersiz oldugu goriilmdstiir. Sevof-
luran indliksiyonu uygulanan pediyatrik hastalarda optimal intravenéz girisim icin 30’un altindaki
BIS degerinin veya ortalama 104.9 s’lik bekleme stiresinin ideal oldugu sonucuna varilmistir.

Anahtar kelimeler: Intravendz girisim, sevofluran, bispektral indeks, pediyatrik hasta
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INTRODUCTION

At least one vascular access must have been
opened for administration of intravenous drugs
and fluids in patients undergoing anesthesia. Fear
of needle to be inserted to provide vascular access
may cause anxiety about feeling pain and discom-
fort in pediatric patients. For this reason, inhala-
tion anesthetics are commonly used for anesthe-
sia induction in children. A smooth and fast onset,
little irritation to the respiratory tract, and lack of
undesirable side effects are the characteristics of
an ideal inhalational anesthetic agent'?. Since it
meets all these criteria, sevoflurane is widely used
for anesthesia induction in pediatric patients.

Any monitoring method cannot yet determine
the timing of intravenous cannulation after anes-
thesia induction. Pediatric anesthesiologists use
their experience, as well as clinical parameters
such as the ciliary reflex loss, regular respiration,
heart rate and muscle tone to decide on the can-
nulation time.

Limited data are available in the literature regard-
ing intravenous access time after anesthesia induc-
tion®*>. There is only one study investigating the
BIS value at optimum intravenous access time?>.
The primary aim of this study is to investigate
the optimum intravenous access time in children
undergoing anesthesia induction. The secondary
aim is to evaluate the bispectral index (BIS) values
and sevoflurane concentrations during the stages
of anesthesia induction and intravenous access.

MATERIAL and METHODS

This prospective study was approved by the in-
stitutional ethical committee of Istanbul Medeni-
yet University Goztepe Training and Research
Hospital, Clinical Researchers Ethics Committee
(2014/0149), and informed consent forms were
signed by the parents or the guardians for each
child’s participation in the study. The study was
conducted according to the principles and re-
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quirements of the Declaration of Helsinki between
1st January 2017 and 1st January 2018 in Istanbul
Medeniyet University Goztepe Training and Re-
search Hospital. The study was registered to Clin-
ical Trials.gov Protocol Registration and Results
System on December 6 2019 with the registration
number of NCT04190407.

One hundred pediatric patients with American
Society of Anesthesiologists (ASA) physical status
| or II; aged between 2 months to 11 years; and
scheduled for the day of case surgery (including
inguinoscrotal hernia or hydrocele, undescended
testis, hypospadias, or routine circumcision) or di-
agnostic procedures (e.g., cystoscopy) or external
ventricular drainage were included in the study.
Patients with obesity, malnutrition, gastroesopha-
geal reflux disease, allergy, or sensitivity to vola-
tile anesthetics or those undergoing procedures
lasting more than two hours were excluded from
the study. Preanesthetic evaluation and routine
investigations were carried out before surgery.

Anesthesia

Standard intraoperative monitoring consisting of
electrocardiography (ECG), noninvasive blood
pressure (BP) measurement, pulse oximetry
(SpO,), capnography, and gas analysis in the ven-
tilator (Mindray WATO EX-65, Shenzhen Mindray
Bio. Medical Electronics Co. Ltd. China) was used
in all cases. Patients were also monitored by BIS
(IPX2 Covidien, BIS LoC 4 Channel, USA). The skin
for the sensor attachment area was cleaned with
alcohol and then dried, and the BIS sensor (As-
pect Medical Systems, Inc., USA) was attached
afterwards. The patient’s heart rate (HR), systolic
blood pressure (SBP), diastolic blood pressure
(DBP), as well as the inspired and end-tidal sevo-
flurane concentrations and O2 saturation, were re-
corded before, and at the end of induction, after
starting the operation, and every 5 minutes dur-
ing maintenance of anesthesia. The time elapsed
from the beginning of the induction to the place-
ment of the laryngeal mask was also recorded.
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None of the patients were premedicated. The
induction was performed with 8% sevoflurane
and 100% oxygen by the tidal breath technique
through a face mask. The fresh gas flow was ad-
justed to 6 L/min'. The breathing system was
primed with 8% sevoflurane and 100% oxygen.
A tourniquet was used to enhance venous filling
every 15 seconds after the ciliary reflex disap-
peared. If the patient did not show any response
to the tourniquet (movement, cough, or laryngos-
pasm), an experienced anesthesiologist entered
the vein, preferably on the back of one hand, us-
ing a 22-24 gauge cannula. The following data
were recorded: face mask adaptation time, time
to the loss of the ciliary reflex, the regular breath-
ing time, and initiation of intravenous access (the
time interval from the start of sevoflurane inhala-
tion through the face mask to disappearrance of
withdrawal response which allowed venous ac-
cess), the corresponding BIS values, the inspired
and expired sevoflurane concentrations at these
time points, time to BIS decline under 60, and
the total induction time (the duration from the
beginning of induction to the placement of the
laryngeal mask). After successful intravenous ac-
cess, 0.9% NaCl solution was initiated according
to the 4-2-1 rule and 1 pg kg' fentanyl was given.
Spontaneous respiration was assisted. The tip of
an appropriately sized standard laryngeal mask
airway (LMA Classic TM) was lubricated with 2%

Statistical Analysis

The sample size calculation was based on the Dix-
on’s method, which requires at least six pairs of
failed, and successful attempts 6. Data were ex-
pressed as meanzstandard deviations for contin-
uous or as percentages of the total for categorical
variables. Partial correlation was used to test the
relationship between the age and time to intrave-
nous intervention.

RESULTS

In total, 100 patients were recruited. At the time
of completion of the study, data from 16 patients
were missing on the evaluation forms, so the final
study population consisted of 84 patients. Table
1 shows the demographic data of the patients.
No complications, such as excitatory movements,
hiccups, laryngospasm, or coughing occurred re-
lated to the induction of anesthesia. Table 2 shows
the anesthesia parameters used during the induc-
tion. The mean time to adaptation of the mask was
27.8+28.4 s, the time to loss of ciliary reflex was
39.7+10.3 s, and the time to reach regular respi-
ration was 88.5+116.9 s, while the corresponding
mean BIS values were 80.4+16.9, 70.2+10.4, and

Table 1. Demographic data.

Gender (Female/Male) 13/71 (15.7%-84.3%)

. . . . ASA I/11 79/5 (93.9%-6.1%)
lidocaine spray and placed with the standard in- Age (Year) 4.49+2.39 (0.2-11)
sertion technique. It was secured and inflated ac- Weight (Kg) 17.37+5.87 (4.5-33)
. , . . Mean anesthesia duration (Min) 30.1+13.9

cording to the manufacturer’s instructions, and Mean procedure duration (Min) 25 4412.7

the sevoflurane concentration was decreased to Mean time spent in the operating 36.7+£16.6

3 percent. theater (Min)
Table 1. Demographic data.

Variables Time (s) BIS Value Inspired sevoflurane  Expired sevoflurane

concentration % concentration %

Mean mask adaptation time 27.8+28.4 80.4+16.9 5.25+3.27 3.81+2.50

Mean elapsed time to the loss of ciliary reflex 39.7+10.3 70.2+10.4 7.1£0.9 4.9+1.2
Time to BIS under 60 72.5+24.4 7.4+0.8 6.3+1.1
Time to reach regular respiration 88.5+116.9 52.4+12.1 7.6x1.1 6.9+1.4
Time to intravenous access 104.92+36.4  30+10.1 8.0x1.1 7.6x2.1
Total induction time 170.83+48

BIS: Bispectral index, s: seconds
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52.4+12.1, respectively. The mean time for BIS
to fall below 60 was 72.54+24.41 s. The mean
time required to start intravenous access was
104.92+36.45 s, and the corresponding mean BIS
value was 30+10.1 at that time point. The total
induction time was 170.83+48 s. After adjusted
for gender, there was a weakly positive, and sta-
tistically insignificant correlation between age and
the time of intravenous intervention (r=0.207,
p=0.062).

DISCUSSION

Anesthesia induction is more challenging in chil-
dren than adults. Obtaining a proper intravenous
access can be troublesome; therefore, induction
of inhalation anesthesia is the preferred technique
in the pediatric age group. Sevoflurane has a
pleasant odor and is non-irritating to the airways,
which makes its use ideal for children'. However,
the clinical indicators of sevoflurane induction and
their correlation with BIS values have not yet been
investigated in the literature.

One previous study compared the induction char-
acteristics of sevoflurane and halothane anesthe-
sia on children’. Sevoflurane was initially set at
1% and then increased stepwise by 1% every 3-4
breaths to a maximum of 6%, until the eyelash
reflex was lost. The time to loss of the eyelash
reflex was 69.26+27.85 s, which was longer than
in our study. This difference can be attributed to
the gradual increase in sevoflurane concentration
in that study. Sigston et al.® used 8% sevoflurane,
as in our study, and stated that a high sevoflurane
concentration provides a faster induction. These
two studies did not analyze either BIS values or
intravenous access times.

Tomal et al.® divided their patients into two groups
and used two brands of sevoflurane for anesthesia
induction, supplied at 2.5%. The median time to
reach regular breathing was similar in both groups
as 189 s vs 184 s; the time to loss of the ciliary re-
flex was 52 s vs 50 s, and the total induction time
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was 240 s vs 246 s. All these values were higher
than the ones obtained in our study. This probably
reflects the higher sevoflurane concentration used
in the present study. Although we used sevoflu-
rane at 8% concentration in anesthesia induction,
we did not encounter any side effect. The hemo-
dynamic parameters at several time points were
comparable in both studies. No BIS values were
provided by Tomal et al.? in their article.

The depth of anesthesia is typically assessed in
current clinical practice using BIS monitors based
on the electroencephalography (EEG) principles.
BIS monitoring is helpful in preventing anesthesia
complications and in reducing costs by avoiding
excessive anesthesia. It can also prevent persis-
tence of awareness during light anesthesia'®'2.

BIS monitoring has been used in pediatric pa-
tients for a long time. There are lots of studies
about the use and reliability of BIS monitoring in
pediatric patients. McCann et al.'* reported that
end-tidal sevoflurane concentrations were closely
correlated with BIS in preschool children under-
going sevoflurane anesthesia for tonsillectomy
and adenoidectomy. Whyte et al.'* recruited 33
pediatric patients who would undergo elective
cardiac catheterization under isoflurane anesthe-
sia. They found that the relationship between BIS
and isoflurane concentration used was similar to
that seen in adults receiving isoflurane and in chil-
dren receiving sevoflurane. They reported that
BIS monitoring may be used in pediatric patients
older than one year and may be useful as a moni-
tor of anesthetic depth!4. Murat et al.!> stated that
the BIS monitor is absolutely a useful tool for chil-
dren to avoid light anesthesia causing awareness
or to avoid very deep anesthesia leading to unde-
sirable cardiovascular effects or brain damages.

We found that sevoflurane at 8% concentration re-
duced the BIS value to below 60 in approximately
72 s during induction. A BIS value between 40 and
60 is considered as “deep surgical anesthesia”'e.
Mychaskiw et al.'” reported an intraoperative
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awareness under sevoflurane-N2O anesthesia
with a BIS value of 47 in adults and concluded
that a BIS value around 50 is inadequate for pre-
venting an explicit recall or an awareness reaction
during anesthesia. They did not evaluate the pa-
rameters at induction. The patients in the present
series reacted with hand movements and agita-
tion during attempts at intravenous line insertion
even after their mean BIS values were below 60
during induction. A smooth intravenous access
with losing awareness could be achieved only af-
ter the mean BIS value dropped below 30 and at
the 104.9" second of anesthesia induction. This
is a remarkable finding because it is well below
the mean BIS value considered to be indicative of
deep surgical anesthesia. The mean inspired, and
expired sevoflurane concentrations were respec-
tively 8.0+1.1% and 7.6+2.1% during successful
intravenous access.

Early intravenous access during inhalation induc-
tion may result in movement, breath holding,
coughing, and even laryngospasm. Delayed intra-
venous access is also dangerous for safety of an-
esthesia induction®. For these reasons, the timing
of intravenous access is of great importance.

Some studies have aimed to determine the tim-
ing of intravenous intervention. For example,
Joshi et al.'® used the Dixon’s up-and-down stair-
case method in children aged from 4 to 10 years.
The children were not premedicated, and general
anesthesia was induced with 8% sevoflurane and
oxygen with a mask. After the loss of the ciliary
reflex, sevoflurane concentration was reduced to
5%, the fresh gas flow to 3 L, and the timer was
started. They found that the time to optimal intra-
venous cannulation in 50% and 95% of patients
were 1.90 min and 3.32 min respectively. They
recommended that the optimal time interval was
3.5 min for attempting intravenous cannulation
after the loss of ciliary reflex. Similarly, Schwartz
et al.> used 8% sevoflurane with 66% nitrous ox-
ide in oxygen. When the child’s eyes closed and
the ciliary reflex had disappeared, nitrous oxide

was discontinued and the timer was started. For
the majority of children, they found that the best
protocol was to wait for 2 min prior to attempting
intravenous access.

Kilicaslan et al.? also used 8% sevoflurane and ni-
trous oxide-oxygen (50:50) with a high fresh gas
flow (6 Lmin') after midazolam premedication.
After loss of the ciliary reflex, fresh gas flow was
reduced to 3 Lmin', sevoflurane concentration to
5%, and the timer was started. They found that
the optimum time to cannulation in 2-6 years old
unresponsive children was 2 min and the mean
BIS value was 37.53%. Despite the use of midazo-
lam premedication and the addition of nitrous ox-
ide to sevoflurane for induction in that study, the
mean time to intravenous access was longer and
the mean BIS value was higher than our study.
We think that the longer duration and the higher
BIS value are due to the decreased sevoflurane
concentration after the loss of the eyelash reflex.
In our study, sevoflurane concentration was de-
creased after accessing the vein. However, the BIS
value obtained by Kiligaslan et al.? for the optimal
intravenous access was well below 60, which is
considered as an upper limit for surgery. In this
respect their BIS value was compatible with our
result.

Hasan et al. studied the optimum time for intrave-
nous cannulation after induction with sevoflurane,
oxygen, and nitrous oxide in children aged 2-6
years undergoing elective dental surgery without
application of any premedication®. Although their
work differs from the present study in terms of
nitrogen oxide use, similar to our study results
(104.9 s), a 105 seconds of waiting time was rec-
ommended by the authors for the start of optimal
intravenous access. Since the authors did not use
the BIS monitor in their work, there is no BIS val-
ue to compare with our BIS result. Kumar et al.'®
used 8% sevoflurane and oxygen via a mask and
found that the mean time to intravenous access in
children aged 1-3 years was significantly shorter
(54 s) when compared with children older than 3
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years (105 s and 144 s). After adjusted for gender,
there was a weakly positive, but statistically insig-
nificant correlation between age and the time to
initiation of intravenous intervention in our study.
The given value was the average time estimat-
ed for patients aged between 2 months and 11
years.

CONCLUSION

This clinical trial revealed that anesthesia induc-
tion with sevoflurane reduced the BIS value below
60 within approximately 72 s. Following sevoflu-
rane induction in children, a BIS value below 60,
which is the upper limit for surgical anesthesia,
was found insufficient for the initiation of intrave-
nous intervention. It was concluded that a BIS val-
ue less than 30 or a mean waiting time of 104.9
s is ideal for the optimum intravenous access in
pediatric patients after sevoflurane induction.
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